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v0  Postoperative sagittal-plane cervical spine deformities are a concern when laminectomy is performed for tumor 
resection in the spinal cord. These deformities appear to occur more commonly after resection of intramedullary spinal 
cord lesions, compared with laminectomy for stenosis caused by degenerative spinal conditions. Postlaminectomy 
deformities are most common in pediatric patients with an immature skeletal system, but are also more common in 
young adults (<  25 years of age) in comparison with older adults. The extent of laminectomy and facetectomy, num­
ber of laminae removed, location of laminectomy, preoperative loss of lordosis, and postoperative radiation therapy in 
the spine have all been reported to influence the risk of postlaminectomy spinal deformities. When these occur, patients 
should be monitored closely with serial imaging studies, because a significant percentage will have progressive de­
formities. These can range from focal kyphosis to more complicated swan-neck deformities. General indications for 
surgical intervention include progressive deformity, axial pain in the area, and neurological symptoms attributable to 
the deformity. Surgical options include anterior, posterior, and combined anterior-posterior procedures. The authors 
have reviewed the literature on postlaminectomy kyphosis as it relates to resection of cervical spinal cord tumors, and 
they summarize some general factors to consider when treating these patients.
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e r v ic a l  deformities, including swan-neck deformi- 
f  ties and cervical kyphosis, do not commonly devol­
v e  op after cervical laminectomy. Nonetheless, this 
condition is more frequently seen within certain patient 
populations, such as patients who have undergone a lami­
nectomy to treat intramedullary spinal cord lesions. We 
have reviewed the literature on postlaminectomy cervical 
spine deformities and will focus on the biomechanical con­
siderations, incidence, risk factors, and management of 
these deformities as they relate to resection of cervical 
spinal cord tumors.
Biomechanical Considerations
With the normal lordotic curve of the cervical spine, the 
weight-bearing axis lies posterior to the VBs. As a result, 
approximately two thirds of the load is carried by the pos­
terior columns.27 The loss of the posterior ligamentous and 
bone elements after cervical laminectomy can shift the 
weight-bearing axis forward. This results in loss of lordosis 
and a change to a straight or kyphotic alignment, which 
moves the weight-bearing axis ventrally to a position in
Abbreviations used in this paper: MR = magnetic resonance; 
VB = vertebral body.
front of the VBs. As this kyphotic deformity progresses, the 
anterior column tends to be compressed and the posterior 
columns are placed under tension (Fig. 1). The trauma of 
surgery weakens the posterior tension band, decreasing its 
ability to withstand the forces needed to maintain align­
ment. As a result, the kyphotic deformity propagates fur­
ther stress and the deformity progresses.13-28-42
The biomechanics of sagittal-plane cervical deformities 
have been studied in the laboratory by many investigators. 
Goel, et al.,12,13 reported a 10% increase in flexion-exten- 
sion motion after laminectomy in a cadaveric model, and 
they hypothesized that this immediate increase in motion 
could lead to subsequent instability. In a biomechanical 
comparison of laminectomy and laminoplasty in a cadav­
eric model, Nowinski, et al.,25 found that cervical laminec­
tomy with more than 25% facetectomy significantly in­
creased motion in flexion-extension, lateral bending, and 
axial torsion, whereas laminoplasty resulted in much less 
instability.
Saito, et al.,36 used a finite-element computer analysis 
to simulate cervical spine biomechanics in the setting of 
a C 3-7 laminectomy. Using different values for elastic 
modulus, they were able to model the effects of laminec­
tomy in children and adults, and they reported that an in­
creasing elastic modulus (decreased flexibility), as would 
be seen with aging, changed the spinal deformities from a 
swan-neck type to a kyphotic one, and then to a straight-
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ening deformity. In summary, they reported that aging, 
which is accompanied by an increasing elastic modulus, 
reduced the likelihood and severity of postlaminectomy 
cervical spine deformities.
Raynor, et al.,32 were among the first to evaluate the bio­
mechanical ramifications of laminectomy and facetectomy 
in the cervical spine. They found that the shear strength of 
a cervical motion segment decreased significantly when 
more than 50% of the facet joint was resected. Zdeblick, et 
al.,48 in a similar but more elaborate cadaveric study, also 
noted instability after resection of more than 50% of the 
facet joint. On further investigation, they found that insta­
bility occurred after more than 50% resection of the facet 
capsule alone, and that therefore the integrity of the facet 
capsule might be the most important factor in stability after 
laminectomy.46
Nolan and Sherk24 tested the extensor musculature forces 
on the cervical spine and hypothesized that this muscula­
ture, specifically the semispinalis cervicis and semispinalis 
capitis, helps prevent deformity after laminectomy by act­
ing to keep the cervical spine and head in an extended posi­
tion. Disruption and weakness of the extensor musculature 
caused by muscle detachment to attain exposure could pos­
sibly promote sagittal-plane deformity. Therefore, these 
authors recommend preservation and reattachment of the 
extensor musculature as much as possible.
F ig . I. Schcmatic drawings showing lordosis and kyphosis in 
the ccrvical spine. Kyphosis tends to be a self-propagating condi­
tion because the deformity causes the weight-bearing axis in the 
ccrvical spine to move to a more ventral position in front of the 
VBs. In a normal lordotic ccrvical spine, the weight-bearing axis 
lies posterior to the VBs, with the anterior spinal column under ten­
sion and the posterior elements under compression. With kyphosis, 
the anterior spinal column is under compression and the posterior 
elements arc under tension. If the integrity of the posterior tension 
band is violated, as in the case of laminectomy, the structural sup­
port of the ccrvical spine cannot sufficiently resist the biomcchan- 
ical forces promoting progression of the kyphotic deformity.
Postlaminectomy Cervical Spine Deformities
General Incidence
Cervical laminectomy is a common procedure that is 
normally accomplished with few immediate complica­
tions. The most common indications for this procedure 
include cervical stenosis in association with advanced 
spondylosis, centrally herniated discs, or ossification of 
the posterior longitudinal ligaments. For a procedure that 
is performed so frequently, laminectomy rarely results in 
deformities, but some conflicting data exist.19 It is gener­
ally accepted that adults with normal preoperative spine 
alignment and no instability who undergo cervical lami­
nectomy rarely experience kyphotic deformity.5-I5-35-40
One contradictory study by Kaptain, et al.,16 noted a 
much higher incidence of postlaminectomy cervical spine 
deformity. In this study, the authors evaluated 46 patients 
who underwent laminectomy to treat cervical spondylotic 
myelopathy. Their study was based on a review of pre- and 
postoperative plain x-ray films obtained during a mean fol­
low up of 4 years. The investigators noted a 14% incidence 
of postoperative kyphosis in patients who initially had a 
lordotic cervical spine, and more than twice the incidence 
(30%) in patients whose spine was straight (<  4° of lordo­
sis or kyphosis) preoperatively. The authors emphasized 
that their procedure involved removal of the lamina and 
only the medial one fourth of the facets. Similar results 
with high deformity rates can be found in the literature on 
cervical laminoplasty. Although many investigators have 
theorized that laminoplasty may reduce the risk of defor­
mity in comparison with laminectomy, high rates of de­
formity were found in a metaanalysis of the laminoplasty 
literature, with a worsening of cervical alignment noted in 
35% of patients and a postoperative kyphosis developing in 
I0%.31
Risk Factors Associated With Postlaminectomy Deformity
Multiple risk factors are associated with cervical spine 
deformity after laminectomy, including age (pediatric 
compared with adult),l7-19-21-23-29-43 extent of laminectomy 
and facetectomy,l3-17-46-48 number of laminae removed,17-29 
location of laminectomy (upper, middle, or lower cervical 
spine),3-17-43 preoperative loss of lordosis,16-17 pathological 
condition in the intramedullary spinal cord,16-19-21-31-39 and 
radiation treatment in the spine.8-10-18-21-33-39-41 Younger age 
appears to be the most significant risk factor for the devel­
opment of postlaminectomy cervical spine deformities. 
Pediatric patients with an immature skeletal system are at 
the greatest risk for deformity, followed by young adults 
(<  25 years of age), who also appear to have an elevated 
risk compared with older adults.29-44 In pediatric patients, 
postlaminectomy deformities can occur at any spinal level 
(cervical, thoracic, or lumbar), but are especially common 
in the cervical spine (Fig. I).8-43-44
Resection of spinal cord tumors is one of the more com­
mon reasons to perform a laminectomy in children. Chil­
dren who undergo multilevel laminectomies for intraspinal 
tumors (intra- and extramedullary) have a high incidence of 
spinal column deformity, with reported rates between 24 
and 100%.4-6-8-"-14-17-20-21-39-44 The intraspinal lesions may be a 
confounding factor; intraspinal tumors are often associat­
ed with spinal deformities, even without surgery.21
In an effort to remove this confounding variable, 
Yasuoka, et al.,44 studied the incidence of postlaminectomy 
deformities in children and young adults who underwent 
laminectomy for conditions that did not in themselves 
cause deformities. The authors evaluated two groups of pa­
tients based on age (<  15 years and 15-25 years of age) 
and found that the younger patients had higher rates of
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Fig. 2. Prcopcrativc and postoperative ncuroimagcs obtained in an 8-year-old boy with a spinal cord oligoden­
droglioma at the ccrvicothoracic junction who underwent four resections of his tumor with laminectomy. A: The ini­
tial sagittal MR image demonstrates the spinal cord tumor extending from C-3 to T-2 and a normal cervical lordosis. B: 
After two tumor resections in 12 months, a kyphosis (50°) developed at the ccrvicothoracic junction, as revealed on the 
sagittal T2-wcightcd MR image. C: Sagittal computerized tomography reconstruction image demonstrating that his 
kyphotic deformity continued to progress to 90° over the next 16 months, after two further resections with laminectomy 
from C-4 to T-3 were performed.
postoperative deformities; 46% of the 26 younger patients 
suffered spinal deformities, whereas only 6% of the 32 
older patients had these complications. This series included 
patients with cervical, thoracic, and lumbar lesions. In indi­
viduals treated with cervical decompression, the authors 
reported that 100% of the 12 patients younger than 15 years 
of age suffered deformity after cervical laminectomy. Other 
series of cervical spine laminectomies performed for rea­
sons other than tumor removal confirm high rates of post­
operative deformities in pediatric patients.4
The cause of the increased incidence of spinal deformi­
ty after laminectomy in children is likely multifactorial. 
Ligamentous structures in the pediatric spine are more lax 
than those in adults. In addition, the orientation of the 
facet complex of the cervical spine is more horizontal in 
children than the vertically shingled facet complex seen in 
adults. The combination of these two factors allows for 
less stability and, with the right set of circumstances (such 
as loss of die posterior tension band after laminectomy), 
sagittal-plane deformities can occur more easily. The grow­
ing vertebral column is another compounding factor; once 
deformities start, they tend to progress in the presence of a 
growing spine because of abnormal growth in association 
with the changes in spinal biomechanics. In the circum­
stance of an immature spine with growth plates, treatment 
with spinal radiation can also compound the deformity by 
creating asymmetrical growth patterns.4-7-8-*''-4-*
Spinal cord lesions alone, without surgical destabiliza­
tion, can cause spinal deformities in both adults and children 
(Fig. 3).21-*7-*'-' Some authors have theorized that involvement 
of the anterior horn cells causes muscle denervation and 
weakness, which leads to the spinal deformity.''-*7 Others 
have speculated that a flexed posture, in cases of intradu­
ral lesions, tends to open the spinal canal and may relieve 
symptoms; however, this promotes a kyphotic deformity. 
Lunardi, et al.,21 noted preoperative spinal deformities in 
nine of 25 pediatric patients with intramedullary spinal 
cord tumors. Tachdjian and Matson-*'' found preexisting 
scoliosis in 27% of pediatric patients with spinal tumors
(both intradural and extradural lesions), and they found 
preexisting kyphosis in 15%. Preexisting deformity is a 
risk factor for progressive deformity after laminectomy 
for tumor resection.16-17 Kaptain, et al.,16 reported that the 
risk of postoperative deformities doubled when the spine 
was deformed preoperatively.
The location of the laminectomy in the cervical spine 
also appears to be a significant risk factor for development 
of deformity. Patients who undergo laminectomy at high- 
stress areas like the craniocervical and cervicothoracic 
junctions will probably have a higher risk for postoperative 
spinal deformities. The increased risk at the craniocervical 
junction has been documented by several authors.-*-17-4-*
The length (number of laminae removed) and extent 
(degree of facet resection) of laminectomy have both been 
reported to increase the risk of postoperative deformities, 
although the literature is inconclusive. Katsumi, et al.,17 
reported a 46% incidence of postlaminectomy cervical ky­
phosis in patients in whom four or more laminae were 
removed, which was four times the risk for patients in 
whom fewer than four were removed. Other authors have 
reported no correlation between the incidence of kyphosis 
and the number of laminae removed.4-44 Most of the liter­
ature regarding degree of facet resection is based on bio­
mechanical studies conducted in cadaveric specimens, 
which may not accurately model the physiology in a liv­
ing human spine. Large-scale clinical studies confirming 
the results of the laboratory studies are lacking, although 
Katsumi, et al.,17 reported higher rates of instability when 
the facet joints were destroyed by tumor or surgery in a 
series of eight patients.
Deformity of the spine after radiation therapy has been 
documented experimentally and clinically in children and 
adults. The effects of radiation appear to be more pro­
found on the immature spine because of the asymmetrical 
growth patterns that result. Even relatively low doses of 
radiation have been associated with spinal deformities, 
and the incidence of spinal deformity has been reported to 
be as high as 60%.2-10-18-26-*0-*-*-*4-41
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Fig. 3. Neuroimages obtained in a 25-year-old woman who underwent C.3-5 laminectomy for resection of intra­
medullary ependymoma and in whom postoperative kyphosis developed within 1 month of surgery. A: Preoperative 
sagittal T^-weighted MR image demonstrating intramedullary spinal cord tumor and a straight sagittal alignment of the 
cervical spinal column. B: Lateral x-ray film of the cervical spine obtained 1 month postsurgery, showing 20° kypho­
sis between C.-4 and C.-6.
The cum ulative num ber o f risk factors p resent likely 
has an im pact on the risk o f progressive deform ity after 
lam inectom y. K atsum i, et a l.,17 found that patients in 
w hom  instability  did not develop had a mean o f  1.2 risk 
factors, patients in w hom  instability  developed had a 
mean o f  2.5 risk factors, and patients w ho needed surgical 
stabilization had at least 3 risk factors. A m ong the risk 
factors evaluated in this study w ere the patien t’s age at 
operation, preoperative spinal curvature in neutral posi­
tion, num ber o f  lam inae rem oved, C -2 lam inectom y, and 
destruction o f  facet jo in ts. In the situation o f  lam inectom y 
for tum or resection, one risk factor (intraspinal tum or) is 
already present, and the surgeon should be diligent in con­
sidering other risk factors for postlam inectom y instability, 
because this may influence the surgical approach.
Management and Treatment
Preoperative Evaluation
W e recom m end that plain x-ray film s o f  the cervical 
spine (anteroposterior and lateral) be obtained preopera­
tively to serve as a baseline for future com parisons and to 
rule out a preexisting  deform ity that could change the in i­
tial surgical m anagem ent. Patients with preoperative loss 
o f  lordosis are counseled that they have a h igher risk o f 
postoperative deformity, and that they may need an addi­
tional stabilization procedure if  deform ity occurs. In the 
rare case o f  a patient with preoperative kyphosis, we would 
consider perform ing a stabilization procedure at the time o f 
initial lam inectom y for tum or resection. It is unclear how  
long asym ptom atic patients should undergo follow-up 
evaluations for possible deform ity. Radiographic evidence 
o f  deform ities can occur as soon as the 1st postoperative 
day, but it can also present years after decom pressive sur­
gery.2137-44 It has been our practice to screen h igh-risk pa­
tients (younger individuals and those w ith loss o f lordosis) 
w ith plain lateral x-ray film s at their follow -up visits for 5 
years. O ther authors have used a sim ilar protocol for the 
screening o f  h igh-risk  patients.44
M easures to Reduce R isk o f  Postlam inectomy D eformity
The risk o f postlam inectom y kyphosis should alw ays 
be considered before approaching tum ors in the spinal 
canal for resection, especially  in higher-risk patients such 
as children and young adults. E fforts should be made to 
lim it facet resection and the num ber o f  lam inae rem oved 
w ithout com prom ising the surgical exposure needed for 
tum or resection. A general consensus advises rem oving 
no more than 50%  o f the medial facet com plex.9-32-37-48 It 
has been our practice to leave the facets intact when pos­
sible and to use a m eticulous technique to preserve the 
facet capsules when perform ing the m uscle detachm ent. 
We cannot stress enough that the surgical exposure need­
ed to address the intraspinal lesion safely takes precedence 
and should not be com prom ised with concerns for spinal 
stability.
In pediatric patients, in w hom  the skeletal system  is not 
m ature, we often use lam inoplasty  in the hope o f  reducing 
the risk o f  postlam inectom y deform ities. Investigators 
reporting biom echanical studies conducted in the labora­
tory have suggested that lam inoplasty may produce less 
instability, bu t clinical studies provide only m arginal data 
supporting this p ractice.8-22-25-38-45
For patients with a preexisting  spinal deform ity, fusion 
should be considered at the tim e o f  tum or resection to pre­
vent postoperative progression o f  the deform ity. No firm 
guidelines have been developed for this practice o f p ro­
phylactic fusion to prevent progression o f  deform ity, but
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F ig . 4. Prcopcrativc ncuroimagc and postoperative radiographs obtained in a 24-year-old man who presented with 
progressive neck pain and uppcr-cxtrcmity pain and numbness. A spinal cord cavcmoma was found at C3-4. and he 
underwent resection with a C3-4 laminectomy. Postoperatively. the patient was noted to have progressive kyphosis on 
serial radiographs. He had no symptoms related to the deformity for 14 months after his initial surgery, but eventually 
neck pain and early myelopathic symptoms developed in his upper extremities because of spinal cord compression. His 
deformity was treated with multilevel anterior ceivical discectomy and fusion from C-3 to C-5. He maintained his defor­
mity correction and attained documented fusion 6 months postsurgcry. A: Prcopcrativc MR image demonstrating a 
spinal cord cavcmoma at C3-4 and a normal lordotic alignment. B: Lateral x-ray film obtained I month postsurgcry. 
showing a mild kyphosis at C4—5. C: Lateral x-ray film obtained 3 months postsurgcry. showing an early swan-ncck 
deformity with kyphosis in the upper and accentuated lordosis in the lower ceivical spine. D: Lateral x-ray film 
obtained 16 months after the initial surgery, showing a severe swan-ncck deformity. E: Follow-up lateral x-ray film 
obtained 3 months after anterior ceivical discectomy and fusion from C-3 to C-5.
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we would consider all risk factors and counsel the patient 
accordingly. We have also occasionally used external 
orthosis with cervical collars in patients we considered to 
be at high risk, but we have no firm evidence to support 
this practice.
Surgical Options to Treat Postlaminectomy Deformity
When postoperative deformities occur, we recommend 
close observation with serial neuroimages, because a sig­
nificant percentage of these conditions will continue to 
progress. In these situations we recommend surgical inter­
vention for stabilization. In the vast majority of cases, the 
deformity is a sagittal imbalance with either focal kypho­
sis or a more complex swan-neck type, which can be treat­
ed with anterior or posterior stabilization procedures.4-37,47 
Flexion and extension x-ray films can be helpful in assess­
ing the flexibility of the deformity; those that move with 
flexion and extension may benefit from preoperative trac­
tion for reduction. Fixed deformities that do not move be­
cause of ankylosis will require a surgical release at the an- 
kylosed segment before correction, and this may dictate the 
approach taken.1
For cases of focal kyphosis, we prefer anterior cervical 
discectomy and fusion with plate placement. It is our expe­
rience that a better anatomical correction, with restoration of 
lordosis, can be made via an anterior approach than can be 
made with posterior procedures. Front-back combined sta­
bilization procedures may be used for severe cases of ky­
phosis. Swan-neck deformities are much more complex in 
terms of surgical stabilization. An anterior procedure alone, 
with either multilevel discectomy and fusion (Fig. 4) or cor­
pectomy with strut grafts, can accomplish reduction of 
alignment and stabilization. Restoring the sagittal balance 
with an anterior procedure alone, however, can be techni­
cally challenging.
Another option to treat swan-neck deformity is a front- 
back-front procedure, wherein the initial anterior multi­
level discectomies or corpectomies are performed to re­
lease the anterior elements.47 The anterior wound is then 
closed and the patient is repositioned prone. With the ante­
rior elements released, a reduction in the sagittal alignment 
with restoration of lordosis can be accomplished with the 
patient prone. Placement of posterior instrumentation can 
also be used to help restore sagittal alignment and stabilize 
the spine. After the posterior surgical wound is closed, the 
patient is returned to the supine position and the anterior 
surgical wound is reopened. Bone grafting is performed to 
restore the integrity of the anterior column and optimize the 
likelihood of fusion. Anterior plate placement is optional 
with a front-back-front approach, but is preferred in our 
practice because it provides additional stabilization.
Conclusions
Postlaminectomy cervical spine deformities can be quite 
common in certain patient populations, such as those who 
have undergone laminectomy for tumor resections. Several 
risk factors associated with postlaminectomy deformities 
should be considered by the surgeon before performing 
laminectomy. We recommend that pre- and postoperative 
neuroimaging be performed to screen for deformities, and 
we often continue this screening for years, depending on 
the risk factors associated with each case. If a mild defor­
mity is found, we follow the patient more closely for pro­
gression. Severe deformities are treated with surgical sta­
bilization. The characteristics of each specific deformity 
(focal kyphosis compared with swan-neck, and fixed com­
pared with flexible deformities) will dictate the surgical ap­
proach taken. Anterior, posterior, and front-back proce­
dures all can be used to treat these conditions.
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